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Introduction
Tobacco smoking remains a serious public health problem worldwide and, although its magnitude and relative impact vary among different populations, it is considered the main avoidable cause of death in a number of countries 1 . Smoking is a major contributing factor to excess mortality and morbidity from cardiovascular diseases among patients with severe mental illness 2, 3 . Excess mortality due to smoking has also been shown among patients with other diseases, such as HIV. A study in Denmark indicated that mortality due to smoking is greater than mortality attributable to HIV among people with HIV/AIDS, showing that the number of life years lost due HIV was 5.1, compared to 12.3 because of smoking 4 .
It has been repeatedly shown that smoking prevalence among psychiatric populations is higher than among the general population. The prevalence of current smoking among people with mental illness is higher than in the general population in the USA (34.8% and 28.5%, respectively) 5 , Canada (46.8% and 14%, respectively) 6 , and Australia (31.2% and 18.7%, respectively) 7 . In Australia, a study showed that prevalence is higher among patients with severe mental illness than in people with general mental illness (51.2% and 26.4%, respectively) 7 , while in Canada smoking prevalence was 51.8% in patients with schizophrenia compared to 39.2% among those with mood disorder or anxiety 6 . A more recent study of a nationally representative probability sample of 9,282 people in the USA showed that adults affected by a mental disorder in the past 12 months smoked almost twice as much as adults without mental disorders 8 .
A dose-response relationship has been observed between the number of psychiatric diagnoses and smoking 5 , showing that prevalence is highest among individuals with four or more psychiatric diagnoses. Also, smokers in the USA that experienced high levels of psychological distress smoked more cigarettes per day and smoking rates varied according to type of mental disorder. Smoking prevalence was 21.3% among those with no mental disorder compared to 37.8% in people with anxiety disorders, 45.1% in those with mood disorders, and 63.6% among adults with substance use disorders 8 .
Although there are few publications on smoking among patients with mental illness in Brazil, evidence suggests that smoking prevalence is higher among this group than in the general population: population based studies show that smoking prevalence was 21% in Pelotas (State of Rio Grande do Sul) 9 and 19% in Campinas (State of São Paulo) 10 , while among patients with severe psychiatric illness in São Paulo it was 59% 11 , almost three times higher.
The intricate relationship between explanatory variables, including clinical, behavioral and sociodemographic factors, associated with higher smoking prevalence among patients with mental illness is still the subject of much research. An association has been found between smoking and severe mental illness (schizophrenia, bipolar disorders and other psychoses), markers for clinical severity (e.g. previous hospitalization) and substance use disorders 11, 12, 13, 14, 15 . However, the nature of these associations is not always clear. Sociodemographic factors such as male gender, older age, lower education, and not being married have also been identified. On the other hand, female and younger smokers had higher rates of mental disorders than male or older smokers, respectively 8 . Behavioral correlates of smoking, including alcohol and illicit drug use, are also more common among psychiatric patients 6, 12, 13, 14, 15, 16 .
Several studies indicate that psychiatric patients often "self-medicate" smoking as a form of relaxation and also to reduce anxiety and relieve some of the symptoms of the illness and the side effects of antipsychotic drugs 17, 18 . All these effects are directly associated with nicotine and the dependence on this drug has been shown to be more intense among psychiatric patients than in the general population 19 . Despite evidence of the benefits of supporting the smoking cessation efforts of people with serious mental illness during hospital stays and beyond, quit rates are low and recurrence is high. Understanding the potential reasons for this situation is essential to improving the effectiveness of smoking cessation programs in psychiatric settings 20 .
Most studies about smoking in psychiatric populations have been conducted in high income countries. In Brazil, the few studies that exist on smoking among psychiatric patients use small samples and are limited to one service or to patients with severe mental illness 11, 21, 22 . Thus, the aims of the present study were to estimate the prevalence of current and past tobacco smoking and assess associated factors among each group of a national representative sample of patients with chronic mental illness in public psychiatric facilities in Brazil. This study also assessed the association between severe mental illness and past and current smoking, adjusted for clinical, sociodemographic and behavioral factors.
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Methods
Study sample
The sample was drawn from a national cross-sectional multicenter study conducted in Brazil in 2006 called the PESSOAS Project which examined 2,475 patients for HIV/AIDS risk behaviors and the prevalence of HIV and syphilis 23 . Adults receiving treatment in public psychiatric hospitals or public mental health outpatient clinics, known as Psychosocial Care Centers (CAPS, acronym in Portuguese), who were capable of providing written informed consent, and able to respond a face-to-face questionnaire were considered eligible for inclusion in the sample. CAPS that exclusively treated substance use disorders were excluded in order to avoid overrepresentation of selected risk behaviors and/or prevalence rates. Patients' capability to answer the questionnaire was assessed using a preliminary evaluation adapted from the Mini Mental State Examination (MMSE). A random selection of 11 hospitals and 15 CAPS was made which was proportional to the type of care, the five geographical regions of Brazil, and the distribution of reported AIDS cases at the time of data collection. A two-stage probability sampling frame was used. First, a random sample of facilities was taken which was proportional to the number of beds in the hospital stratum and number of registered patients in the CAPS stratum for each region. In the second stage, patients were selected using simple random sampling for each chosen facility 23 . Patients were included only if information on tobacco use was available (n = 2,461).
The project was approved by the Ethics Research Committee of the Federal University of Minas Gerais (COEP/UFMG, Etic 125/03) and the National Ethics Research Committee (CONEP 592/2006). Participation was voluntary and written informed consent was obtained.
Exposure and event measurements
Sociodemographic, clinical and behavioral data was obtained through face-to-face interviews using a semi-structured questionnaire, while psychiatric diagnoses were obtained from medical records. Questionnaires were previously tested for reliability and validity 24 .
The dependent variable was tobacco smoking divided in three categories: current smokers, ex-smokers, and non-smokers. Current smokers were defined as those who reported smoking at least one regular or hand-rolled cigarette per day at the time of the interview. Ex-smokers were defined as those who used to smoke at least one regular or hand-rolled cigarette per day, but were not smokers at the time of the interview, regardless of the length of smoking period. Finally, non-smokers were individuals who had never smoked during their lifetime. Smoking behavior was analyzed using variables such as the age the individual began smoking, number of cigarettes smoked per day (overall and by psychiatric diagnoses), and smoking inside service settings.
The explanatory variables included in this analysis were divided into three categories: (a) sociodemographic (gender, age, skin color, schooling, family income in the last month, marital status, history of homelessness, and the practice of a religion); (b) clinical (treatment settings, main psychiatric diagnosis, previous psychiatric hospitalization, and other self-reported medical conditions); and, (c) behavioral (lifetime alcohol or illicit drug use, lifetime unsafe sex, having received or offered money or drugs for sex, lifetime physical and sexual violence). The cutoff point for family income was based on the Brazilian minimum wage at the time of the study (US$200). Those individuals who reported that they were single, separated, divorced and widowed were grouped as "unmarried". History of homelessness was defined as having lived on the street, in parks, or outdoor public spaces. Psychiatric diagnoses were undertaken by a psychiatrist and classified according to the International Classification of Diseases, 10 th revision (ICD-10), a standard system adopted by the public health system in Brazil. Up to three main psychiatric diagnoses were recorded, and hierarchically categorized according to severity as follows: (1) psychotic disorders and depression with psychotic symptoms; (2) bipolar disorder; (3) depression; (4) anxiety; (5) substance use disorders; (6) others. Diagnoses of tobacco use were not recorded in the substance use disorder category. Other medical conditions were self-reported and were defined as having been diagnosed by a nonpsychiatric health professional. Lifetime alcohol or illicit drug use was defined as use of alcohol or any illicit drug, such as marijuana, cocaine, crack, hallucinogens, amphetamines, opiates, solvents. Lifetime unsafe sex was defined as not always using condoms in all practices. Lifetime physical and sexual violence were defined as having suffered any type of physical or sexual aggression, i.e., being forced to maintain an undesired sexual relationship, or having suffered sexual abuse.
Statistical analysis
Current smoking prevalence was estimated by dividing the number of participants who reported current smoking by the total number of participants and past smoking prevalence was defined as the number of participants who used to smoke but were not current smokers, divided by the total number of participants.
Pearson's chi-square statistic and Student's tstatistic were used to assess statistical differences between proportions and means. The magnitude of association between the potential explanatory variables and smoking was estimated using the odds ratio (OR) with a 95% confidence interval (95%CI) and significance level of 0.05 for both the univariate and multivariate analyses. A multiple logistic regression was carried out to assess the independent effect of the explanatory factors on tobacco smoking separately comparing current smokers and ex-smokers to nonsmokers. Multivariate modeling was carried out starting with a full model which included variables with a p-value of less than 0.20 in the univariate analysis and those with epidemiological relevance. Variables with a p-value of less than 0.05 were maintained in the final model. Model fit was assessed using the Hosmer-Lemeshow test. The software programs used were Paradox (Corel Corp., Ottawa, Canada) and SAS 9.0 (SAS Inst., Cary, USA).
Results
Descriptive characteristics
A total of 2,475 participants from the final sample of 2,763 patients, (90%) were interviewed. Ten percent of the sample (288) did not participate due to the following reasons: refusal (52%), patient was not located (19%), patient did not show up for interview (8%), not eligible (4%), and death (0.7%). No statistically significant difference was found between participants and non-participants with regard to age, sex, schooling and psychiatric diagnoses. Among the 2,475 participants initially interviewed, 14 did not answer the questions about smoking, resulting in a final analysis of 2,461 patients. Table 1 presents demographic, clinical and behavioral characteristics. Most patients were female, aged 40 years or over, white, had a low education level, were unmarried, and practiced some type of religion. Eighteen percent of patients had a history of homelessness and 35.4% were from low income families (< US$ 200). More than half of the sample population were receiving treatment at a CAPS facility at the time of the interview, had a severe mental illness (psychoses and bipolar disorders), and a history of previous hospitalizations. At least 65% of substance use disorders were related to alcohol use. Similarly, most participants consumed alcohol, practiced unsafe sex, and had suffered physical violence. Forty-five percent reported at least one other medical condition: circulatory disorders (25%), digestive disorders (14%), respiratory disorders (14%), and endocrine system disorders (11%). Almost 30% received or offered money or drugs for sex, and 20% reported having suffered from sexual violence.
Current smokers comprised 52.7% (95%CI: 50.8-54.7) of the sample and 18.9% (95%CI: 17.4-20.4) were ex-smokers ( Table 2 ). The average number of cigarettes smoked per day was higher among current smokers (mean = 15.6) than among ex-smokers (mean = 10.8) (t-test = 7.01; p < 0.001). With respect to current smokers, the average number of cigarettes smoked per day was higher among patients with substance use disorders (mean = 17.0) (F-statistic = 3.66; p = 0.03), however the same variation was not observed among ex-smokers (F-statistic = 1.15; p = 0.32). Finally, current smokers started smoking earlier (mean age = 15.9 years old) than exsmokers (mean age = 17.3 years old) (t-test = -3.66; p < 0.001), and a high proportion of current smokers (80%) reported that they smoked inside the mental health facilities.
Univariate and multivariate analysis
Smoking prevalence was significantly higher (p < 0.05) among nonwhite, unmarried male participants, aged 40 years or over, with a low education level (≤ 8 years of schooling) and a history of homelessness. A significant negative association was found between smoking and practicing a religion (OR = 0.56). The prevalence of smoking was higher (p < 0.05) among hospitalized participants (OR = 2.75) with a more severe mental illness (psychoses and bipolar disorder) or substance use disorders, and among those individuals previously admitted to hospital for psychiatric treatment (OR = 2.56). Prevalence of current smoking was higher among individuals who used alcohol or illicit drugs, did not practice safe sex, had received/offered money/drugs for sex, and had suffered physical violence ( Table 3 ).
The likelihood of being an ex-smoker was higher (p < 0.05) among nonwhite men, aged 40 years or over, with a low education level and history of homelessness. Univariate analysis showed a statistically significant association between past smoking and the following clinical and behavioral variables: previous psychiatric hospitalizations, other medical conditions, alcohol or illicit drug use, unsafe sex, exchange of money/drugs for sex and having suffered physical violence (Table 3) . Multivariate analysis (Table 4) showed a statistically significant independent association between current smoking and being male, being aged 40 years or over, having a low education level and history of homelessness, and not practicing a religion (p < 0.05). In addition, the likelihood of being a current smoker was higher with the presence of the clinical variables current and previous psychiatric hospitalization (OR = 1.63 and OR = 1.59, respectively), and when the main psychiatric diagnosis was substance use disorders (OR = 4.48). Finally, an independent association was found between current smoking and lifetime alcohol and illicit drug use, unsafe sex, and physical violence (p < 0.05). An independent association was found between past smoking (p < 0.05) and being male, being aged 40 years or over, lifetime alcohol and illicit drug use, unsafe sex and physical violence.
Discussion
Current smoking prevalence among the sample was high (53%). This rate is much higher than the rate among the general population of Brazil which in 1989 was 35%. This rate decreased in 2003 to 22%, followed by further decreases in 2008 and 2011 to 18% 25,26 and 15%, respectively 27 . It is probable that this clear downward trend in smoking prevalence is attributed to the recent implementation of stricter public smoking policies by the Brazilian government 28 , including advertising restrictions, warning labels printed * Total varies due to missing information; ** Distribution of explanatory variables among non-smokers, current smokers and ex-smokers; *** OR and 95%CI separately comparing current smokers and ex-smokers groups with non-smokers;
# Not always using condoms in all practices.
on cigarette packs, and prohibition of indoor smoking in all public places 29 . In addition, the relatively high price of cigarettes in Brazil, considered the highest in the world, may also have contributed to this reduction 30 . Our results are corroborated by the findings of studies in high income countries that observed a higher rate of current smoking prevalence among patients with mental illnesses than in the general population 5, 6, 7 . However, it is important to note that the psychiatric patients from our sample did not start smoking earlier (mean age = 16 years) than the general population (13 to 15 years of age) 29 . Also, current smokers in our study reported smoking an average of 15.6 cigarettes per day, which is slightly higher than in the general population (mean = 13.3) 31 . This number is lower than in developed countries, such as Australia (17.0 cigarettes per day among individuals with a general mental illness and 21.4 per day in people with a severe mental illness) 7 and the USA (26.2 cigarettes per day among people with mental illness and 22.6 per day among the general population) 5 . Studies in Beijing (China) and Syracuse (USA) showed cigarette consumption rates of 20.1 and 21.6 cigarettes per day, respectively 15, 16 .
Several studies have found an association between smoking and the level of severity of mental illness 5, 6, 7, 8, 19 . Although no independent association was observed between smoking and more severe psychiatric diagnoses (psychoses and bipolar disorders), we found a strong independent association between smoking and substance use disorders. A similar association was found in a study of Swiss psychiatric inpatients 13 .
The most likely explanation for the association between tobacco smoking and mental illness is that smoking follows the same pattern as other substance use disorders which are more common among people with a mental illness than in the general population. Suggested explanations for these associations include a common underlying vulnerability to both types of disorders, "self-medication" of substances to alleviate the side-effects of psychotropic medications, and the possibility that smoking increases the vulnerability to developing other mental disorders. Furthermore, one of the potential barriers to treating tobacco smoking among patients with a mental illness is the strong correlation between smoking and the psychiatric diagnosis of substance use disorders, including the use of alcohol and illicit drugs. Our study found an association between smoking and being currently hospitalized and having a history of previous psychiatric hospitalization, indicators of more severe forms of mental illness. A possible contributing factor to this situation is that smoking is still accepted in some psychiatric hospitals and professionals, who are often smokers themselves, allow patients to smoke inside the institution 32 and our study found that a high proportion of patients smoked inside the mental health facility. Although Brazilian legislation does not specifically mention psychiatric institutions current laws restrict exposure to tobacco smoke in public places, including hospitals in general 33 . Smoking policies differ from country to country, and although Brazilian government strategies to combat smoking have advanced in recent years 34 , the country's laws are less comprehensive than in other countries such as Spain 35, 36 . Mental health professionals' tolerance of patient smoking may contribute to the high rate of smoking in facilities, since smoking may serve as a tool for reducing anxiety, or a tradeoff for better adherence to treatment and less aggressive behavior 37, 38, 39 . In addition, smoking cessation programs are not part of psychiatric care in many services, despite evidence that the use of smoking cessation medications is safe for psychiatric populations.
As in other studies, an association was found between current smoking and several sociodemographic characteristics, including being male, older age, low education level 6, 11, 13, 14, 16 , and history of homelessness 40, 41 , while a negative association was found between smoking and practicing a religion 42, 43 . A low level of education may be considered a marker for low access to knowledge and understanding of the harmful effects of tobacco 16 . Practicing a religion may act as a protective factor for substance use 44 since it represents a potential social safety net that establishes values, restrictions or impositions on certain behaviors 42, 43 . On the other hand, increased social vulnerability and the high prevalence of co-occurring substance use among homeless people with mental health disorders place this population at a higher risk of smoking. Excess mortality rates are higher among homeless people for all causes of death, especially cardiovascular, pulmonary and other smoking-related causes 40, 41 .
The associations between current and past smoking and behavioral characteristics, such as alcohol and drug use, unsafe sex, and lifetime physical violence, are consistent with findings of other studies 8, 12, 39 and are of particular concern. Unsafe sex and lifetime physical violence reflect the vulnerability context of this population which can also influence substance use 45, 46 . As pointed out by Chartier et al. 47 , smoking and other health risk behaviors, such as alcohol use and number of sexual partners, may be mediator factors related to childhood physical abuse and mental health problems. A more recent study also found that childhood physical abuse was associated with ever smoking among both males and females 48 . Anda et al. 49 suggest that smokers use nicotine's psychoactive effects to cope with the negative emotional, neurobiological and social effects of adverse experiences. They also note that individuals with adverse childhood experiences suffer from problems with affection, socialization and self-esteem. These problems may increase their susceptibility to peer pressure and tobacco marketing 49, 50 . These associations suggest the need to incorporate approaches to treating alcohol/drug use and strategies for promoting safer sexual behavior and preventing violence into mental health care 12 .
The risk profiles of current smokers and exsmokers produced by our analysis contain factors that were statistically associated by both models, in the same direction and magnitude, including: being male, older age, alcohol or illicit drug use, having suffered physical violence, and the practice of unsafe sex. However, the psychiatric variables current and previous hospitalization and substance use disorders, and low education level, history of homelessness and not practicing a religion were associated only with current smoking. Although these associations are complex, these factors may act as barriers to stopping smoking or triggers of smoking initiation. The high rate of smoking prevalence and the correlates found in our study are consonant with stigma, discrimination, and the increased social and behavioral vulnerabilities of psychiatric patients. In addition, the lack of smoking cessation programs and tolerance of smoking in mental health facilities potentially reinforce smoking behavior.
The cross-sectional design of this study limits its capacity to establish direct causality and, although they are consistent with the literature, the associations observed are only indicators of potential direct causal effect. Data was limited to the psychiatric diagnoses registered in medical records and no direct information was available on psychiatric symptoms. In addition, the exclusion of patients unable to answer the questionnaires and outpatient services which exclusively treated alcohol and substance addiction may have led to an underestimation of prevalence and correlates.
Furthermore, the large confidence interval for substance use disorders may be due to the small number of subjects in this category.
Finally, our definition of the variable exsmoker may have caused overlaps with the current smoker group, leading to a potential underestimation of associations. However, there is no reason to believe that estimates are in anyway biased. It is also important to emphasize the reasonable to good reliability of the data and the fact that this investigation is unique, since it is the only study to date to use a nationally representative sample of psychiatric populations attended in care facilities in Brazil. Nevertheless, future studies should be conducted in order to address these limitations.
In conclusion, intervention measures, such as screening, treatment and tobacco smoking prevention programs should be urgently incorporated into mental health services on a routine basis. It is also essential to develop actions that focus on the training and education of mental health professionals involved with direct care and implement comprehensive smoke-free policies in care facilities. More research, including qualitative studies, is needed to better understand the determinants of smoking and explore possible interventions to facilitate and maintain smoking cessation among psychiatric patients attended in care facilities in Brazil. Cherchiglia and E. R. M. Peixoto contributed to data analysis, and interpretation and revision of the manuscript. M. D. C. Guimarães was responsible for study conception, design and implementation, statistical analysis, data analysis and interpretation, and writing the final version of the manuscript for submission.
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